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SUMMARY 

An investigation has been conducted in the Langley Unitary Plan 
wind tunnel to determine the pressure recovery, mass-flow ratio, and 
distortion parameter of a variable-geometry induction system with 
translating central bodies and with two circular inlets located on 
opposite sides of a fuselage. The induction system was designed for a 
Mach number of 2.50. Supersonic compression WELS conical and internal. 
The tests were made with a basic fuselage, a faired-canopy fuselage, and 
a flat-plate model. In addition, tests were made for severalboundary- 
layer removal systems and for a canard control at deflection angles of 
1.30, 5.5O, and 9.50. 

The Mach number range of the tests was from 1.72 to 2.50. The 
Reynolds number range was from 2.5 X 10 6 to 4.4 x 10 6 based on a length 
of 1 foot. Fuselage angle of attack was varied from -4' to 10'. 

Boundary-layer removal forward of the duct minimum section was 
necessary in order to approach the desired flow characteristics. 
design Mach number, the maximum pressure recovery obtained with the basic 
fuselage was 0.76 and occurred at an angle of attack of 3'. 
faired-canopy fuselage, the maximum pressure recovery at the design Mach 
number was 0.80 and occurred at an angle of attack of l..?O. 

A t  the 

For the 

The mass-flow ratio and distortion parameter were the same for the 
two fuselages at angles of attack between Oo and bo. The canard control 
at a deflection angle of l.5O had no appreciable effect on the internal- 
flow characteristics of the induction system. 



INTRODUCTION 

Most experimental investigations of induction systems have been 
conducted with the i n l e t  i n  uniform f l o w .  
performance of an induction system may be greatly a l tered whenever the 
i n l e t  i s  i n  the interfer ing flow f i e l d  generated by an airplane fuselage. 
(See r e f .  5. )  Furthermore, the e f fec t  on performance would be different  
fo r  each fuselage shape. Consequently, the induction-system performance 
f o r  a par t icular  airplane must be determined individually. 

(See r e f s  . 1 t o  4.) The 
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An experimental investigation has been conducted i n  the Langley 
Unitary Plan wind tunnel t o  determine the internal-flow characterist ics 
of the induction system of a fighter-type airplane model. The system 
had two circular  i n l e t s  located on opposite sides of the fuselage. 
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Supersonic compression was conical and internal .  
provided variable duct geometry f o r  s ta r t ing  and f o r  variable Mach number 
operation. 
provided by perforations vented t o  the loca l  f ree  stream. 

A movable central  body 

Bleeding of boundary-layer a i r  from internal  surfaces was 

The tests were made at  Mach numbers ranging from 1.72 t o  2.30 and 
at  angles of a t tack ranging from - 4 O  t o  loo. 
canopy was fa i red  in to  the forward par t  of the  fuselage. I n  addition, 
some t e s t s  were made with the fuselage replaced by f lat  plates.  
Furthermore, the e f fec t  of a canard control was determined f o r  several 
deflection angles. 
of the boundary layer a lso were varied. 

For some of the t e s t s ,  the 

The nmiber and location of perforations f o r  removal 
B 

Because of l imited applicabili ty,  the test resu l t s  are presented 
with a minimum of analysis. 

SYMBOLG 

area r a t i o  ( r a t i o  of loca l  duct area t o  i n l e t  area) _. A1 
A i  

M free-stream Mach number 

Pt  t o t a l  pressure, lb/sq f t  abs 

p t , r  total-pressure recovery ( r a t i o  of average t o t a l  pressure a t  
rake s ta t ion t o  tunnel stagnation pressure) 

R Reynolds number (based on a length of 1 foot) 



w 

mass-flow r a t i o  ( r a t i o  of mass f l o w  through the induction W - 
wa3 system t o  mass flow, at  free-stream conditions, through an 

area equal t o  the sum of the two  i n l e t  areas) 

distance (posit ive direction downstream) from in le t ,  along 
central-body axis, divided by i n l e t  diameter 

x/D 

a fuselage angle of attack, deg 

6, canard-control deflection- angle (posit ive with t r a i l i n g  edge 
down), deg 

5 
- e..- %,av pt,min 3,,e 

d i  st ortxon parameter, 

Subscripts r 

av average 

max maximum 

min minimum 

nom nominal 

APPARATUS AND PROCEDURE 

Model Description 

The induction-system model had two circular  i n l e t s  that were 
located on opposite sides of the fuselage. 
system intersected inside the fuselage. A rake of 32 p i t o t  probes was 
located a t  the out le t  of the induction system approximately 3.2 inches 
downstream of the intersection. A mass flow meter was connected t o  a 
duct t ha t  extended downstream from the out le t .  

The diffuser ducts of the 

L 

Sketchesoof the  model are shown i n  figure 1, and photographs are 
shown i n  f igure 2. The basic fuselage configuration (fuselage 1) was 
modified by a f a i r ing  tha t  extended from the canopy t o  the  t i p  of the 
fuselage. The modified fuselage configuration i s  d e s i p t e d  as fuse- 
lage 2. Provision was made fo r  mounting a canard control on the fuse- 
lage forward of the in l e t s .  The control could be preset at  various 
deflections. I n  addition, the fuselage was replaced by f la t  plates  
( f ig .  ~(b)). 



The sketch i n  figure 3 shows the in te rna l  surface contours of the 
diffuser .  I n  the supersonic diffuser,  the surfaces were conical with 
semiapex angles of 8 . 4 O  and 1.8', respectively, fo r  the central  body 
and duct. 
the central  body i n  i t s  f u l l y  retracted posit ion (x/D = 0), the minimum 
area of 2.3 square inches was located 6.0 inches downstream of the i n l e t .  
The area dis t r ibut ion f o r  t h i s  central-body position was designed t o  give 
the best  diffuser  performance at  a Mach number of 2.50. 
t i on  curves f o r  several central-body positions are  shown i n  figure 4. 

The capture area of each i n l e t  was 5.854 square inches. With 

Area distribu- 

Boundary-layer air was removed from the in te rna l  surfaces through 
perforations tha t  were vented t o  the loca l  f r ee  stream. 
systems (B1 t o  B10) are  shown i n  figure 5. 

The removal 

Apparatus and Test Conditions 

The t e s t s  were conducted i n  the low Mach number t e s t  section of the 
The t e s t  section i s  4 f e e t  square and Langley Unitary Plan wind tunnel. 

approximately 7 f e e t  long. The tunnel i s  a variable-pressure, continuous- 
flow type with an asymmetric sliding-block nozzle f o r  continuous variation 
of the free-stream Mach number from 1.50 t o  2.90. 

The t e s t s  were conducted a t  Mach numbers ranging from 1.72 t o  2.30. 
The test  Mach numbers were accurate t o  within f0.02. 
temperature fo r  Mach numbers below 2.90 was l25O F, and fo r  the larger  
Mach numbers, the stagnation temperature was 150° F. 

The stagnation 

Internal-flow data were obtained f o r  several tunnel stagnation 
pressures a t  a Mach number of 2.50. The maximum pressure recovery f o r  
each Reynolds number i s  presented i n  figure 6. 
recovery between Reynolds numbers of 1.6 x 106 and 2.5 x 106 indicates 
t ha t  the t e s t  Reynolds number should be 2.5 x 10 6 or larger  t o  satisfac- 
t o r i l y  duplicate the ful l -scale  Reynolds number. 
expected f o r  the other t e s t  Mach numbers. Consequently, the tunnel 
stagnation pressure w a s  approximately 15 pounds per square inch absolute 
f o r  a l l  t e s t  Mach numbers t o  insure a Reynolds number larger  than 
2.5 X 10 . The dew point, measured at  stagnation conditions, was main- 
tained below -30° F t o  assure negligible condensation e f fec ts .  

The jump i n  pressure 

Similar trends a re  
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Total-pressure recovery was based on the average of 32 p i t o t  pres- 
sures that were measured at  a s ta t ion  21.3 inches from the in l e t s .  The 
arrangement of the p i t o t  probes, which were spaced on an equal-area 
basis, i s  sketched i n  figure l ( c )  . 
puted by dividing the difference between the largest  and smallest p i t o t  
pressures by the average p i t o t  pressure. 
by a calibrated venturi flowmeter connected t o  the out le t  of the induc- 
t i on  system. 

The d is tor t ion  parameter was com- 

Mass-flow r a t i o  was determined 
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Data were recurded fo r  several central-body positions and a t  angles 
of attack f r o m  -bo t o  loo. 
pressure was varied with a movable plug at  the ex i t  of the flowmeter. 
Buzz was indicated by a high-frequency pressure pickup and observation 
of the schlieren image. 

For each central-body pbsition, the back 

The accuracies of the total-pressure recovery, mass-flow rat io ,  and 
dis tor t ion paramdter are estimated t o  be 50.01, 20.025, and f0,01, 
re spe c t  ively . 

RESULTS AND DISCUSSION 

The peak pressure recovery and corresponding mass-flow r a t i o  and 
dis tor t ion parameter fo r  each position of the central  body are tabulated 
i n  table  I. 
t e r i s t i c s  of the induction system fo r  maximum pressure recovery. 
flow parameters are  plot ted versus angle of attack at a Mach number of 
2.50, and are plotted versus Mach number a t  a nominal angle of attack of 
3'. A comparison of internal-flow data f o r  several boundary-layer 
removal systems i s  shown i n  figure 7 f o r  fuselage 1 and i n  figure 8 
f o r  fuselage 2. 
t ions  are compared with the r e su l t s  f o r  the f la t -p la te  model. Fig- 
ures 10 and 11 show the e f fec ts  of the canard and canard-control 
deflection on induction-system character is t ics  fo r  fuselage 1 and 
fuselage 2, respectively. 

Presented i n  f igures  7 t o  11 are the internal-flow charac- 
The 

I n  figure 9 the r e su l t s  fo r  the two fuselage configura- 

For the boundary-layer removal systems B7, B8, Bg, and B10, the t i p  
of the central  body could not be retracted (without buzz) beyond a posi- 
t i o n  1.39 i n l e t  diameters upstream of the i n l e t .  
about 0.8 of the i n l e t  diameter downstream of the i n l e t  fo r  the central- 
body-apex positions between 1.4 and 1.6 i n l e t  diameters upstream of the 
inlet ( f ig .  4).  
from the duct a t  or near the minimum-area section. 
from the duct between x/D = 0.5 and x/D = 1.2 (boundary-layer removal 
systems B1 t o  B6) permitted the central  body t o  be retracted t o  more 
nearly a t t a i n  the desired internal-flow performance. 

The minimum area was 

For these conditions, there was no boundary-layer removal 
Boundary-layer removal 

A compdrison of the data for fuselage 1 with tha t  f o r  fuselage 2 
f o r  boundary-layer removal system B 1  ( f ig .  9 )  shows that, a t  the design 
Mach number of 2.5 , the maximum pressure recovery of the induction 

t i on  af the pressure recovery occurred f o r  e i ther  increases or decreases 
of' angle of a t tack from 3'. 
maximum pressure recovery of 0.80 at a = 1.5'. 
i s  within 0.01 of the pressure recovery f o r  t he  f la t -p la te  model. 

system i s  0.76 f o r  ? fuselage 1 and occurs a t  a = 3 O .  A moderate reduc- 

Fuselage 2 ( fa i red  canopy) allows a higher 
This pressure recovery 



However, the variation of pressure recovery with angle of attack i s  
greater fo r  f u s e l q e  2. 
eter f o r  the  two fuselage models are  the  same, within estimated accuracy, 
for angles of attack between 0' and 4'. 

The mass-flow r a t i o  and the dis tor t ion param- 

For Mach numbers less than 2.50 and a = 3 O ,  the  internal-flow char- 
ac t e r i s t i c s  f o r  fuselage 1 and the  f la t -plate  model are  the same within 
experimental accuracy. A t  a Mach number of 2.50, the difference i n  mass- 
flow ra t io s  f o r  the  f la t -p la te  model and the fuselage models i s  doubtful. 
No apparent reason for t h i s  difference has been found. 
ra t ios  fo r  the  f la t -p la te  model, with boundary-layer removal system B1, 
should be less than shown i n  f igure 9. 
properties behind the fuselage-bow-shock wave are unknown, it i s  
uncertain whether or  not the mass-flow r a t io s  fo r  the f la t -p la te  model 
should be greater tha,n those f o r  the fuselagg models. 

The mass-flow 

Furthermore, since the flow 

A camparison of the results i n  figure 10 f o r  fuselage 1 shows tha t  
adding tke canard control with l.5O deflection did not appreciably alter 
the internal-flow characterist ics of the induction system. Thus, f o r  
cruise conditions, the presence of the canard control on the  fuselage 
would not incur any losses i n  the pressure recovery of the induction 
system. 

Adding the canard control with 5.5O and 9.5O deflection t o  fuse- 
lage 2 resulted i n  a decrease i n  pressure recovery of 0.05 and 0.12, 
respectively, at a = 3 O .  (See f i g .  ll.) However, f o r  both deflections 
the loss of pressure recovery with increasing angle of attack was l e s s  
than the lo s s  f o r  fuselage 2 without the canard (a > 3'). Thus, deflec- 
t i on  of the canard control would not produce large additional losses i n  
pressure recovery during maneuvers. 

B 
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An investigation t o  determine the internal-flow characterist ics of 

Supersonic compression was 
The tests were conducted a t  Mach nmibers ranging 

The 

an induction system with two circular  inlets located on opposite sides 
of an airplane fuselage has been conducted. 
conical. and internal. 
from 1.72 t o  2.30 and a t  angles of attack ranging from -bo t o  10'. 
Reynolds number range was 2.5 X lo6 t o  4.4 X 10 6 based on a length of 
1 foot .  The results obtained are  summarized as follows: 

1. Boundary-layer removal f romthe duct was necessary between 0.5 
and 1.2 inlet diameters downstream of the inlet i n  order t o  approach 
the  desired f l o w  characterist ics.  
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2. At the design Mach number of 2.50, the maximum.pressure recovery 
n obtained was 0.76 for the basic fuselage and occurred at an angle of 

attack of 3 O .  For the faired-canopy fuselage, the maximum pressure 
recovery at the design Mach number was oi80 and occurred at an angle of 
attack of 1.5'. 

3 .  The mass-flow ratio and distortion parameter were the same for 
both the basic and faired-canopy fuselages at angles of attack between 
00 and 40. 

4. The addition 'of a canard control with a deflection angle of 1.5' 
had no appreciable effect on the internal-flow characteristics of the 
induction system (basic fuselage). 
( faired-canopy fuselage), a loss in pressure recovery occurred; however, 
the loss of pressure recovery with increasing angle of attack was less 
than that for the same fuselage without the canard for angles of attack 
greater than 30. 

At deflection angles of 5.50 and 9.5O 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., December 14, 1960. 
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!CAPLE I.- INTERNAL-FLOW CHARACTERISTICS OF AN INDUCTION SYmM HAVIHG 

TWO CIRCULAR INTERNAL-COMPRESSION INLETS 

Mach Of Central-body-tip 
attack, position, 

M deg a, x/D 
(4 

(a) Inlets with fiselage 1 

Mass-flow Distortion 
ratio, parameter, 

Peak 
pressure 
recovery, 1 
(pt,r)peak w/ww 

2.50 
2.50 
2.50 

Boundary-layer removal system B1; canard control removed 

3.1 0.55 0.7601 0.9134 o .0676 
7 .I .a .75% a 0 1  -0591 
3.1 .66 7570 -9051 .0494 

1.80 
2.00 
2.00 
2 .oo 
2.20 
2.20 
2.20 
2.20 
2.20 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

0.7400 
.74 81 
-7492 
.7678 
,7620 
.7704 
.7669 
.759'L 

3.1 
-3.2 
0 
3.1. 

-3.2 
-3.2 
0 
7 . 1  
3.1 

-3.2 
-3.2 
.-3.2 
-3.2 
0 
0 
3.1 
3 .I 
6.3 
6.3 

0.8640 0.0820 
. a 7 8  .0720 
,8854 .0@9 
.8712 .0803 
. a 7 1  -0753 - 8776 ,0750 
.a00 -0730 
.8521 .0b98 

1.76 
1.71 
1.63 
1.56 

1.62 

1.13 
1.17 

.74 
* 78 
.81 
-85 
.46 - 50 
.46 
.49 - 76 
.&I 

1-57 

1.30 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

0.8818 
.7@7 
.8271 
.8512 
.7069 
.TO41 
.8102 
.a20 
.8370 
.6295 
.a93  
.6602 
A537 
.7449 
.7443 
.7602 
.7574 
.7206 
-7290 

0 0.43 
0 .49 
1.6 .37 
1.6 .42 
1.6 .49 
3 -1 .43 
3.1 .49 
3.1. .62 

0.6742 
-6857 
-7272 
.7218 
* 73 81 
-7195 
.7953 
.82& 
.8245 
.8730 
* 8770 
.%79 
.%25 
* 8747 
* 8758 
* 8950 
.8822 - 8996 
* 9051 

Boundary-layer removal system Bk; canard control removed 

0.0751 

.1094 
60789 
.1474 
I 104 8 

.0696 

.0965 

.0673 

.a634 

.1149 
-0967 
.0827 
.0815 
.0810 
-0779 
.0880 
-0855 
.0609 
.0638 

2.20 
2.20 
2.20 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

1.38 
1.44 
1.41 

-52 
.60 
.43 - 50 
.35 
.44 
.53 
.62 

0.0889 
.1046 
.0716 
. O m  
.0653 
* 0772 
.0762 
.1131 
.0b7 
.0728 - 0507 

"Inlet diameters upstream of the inlet plane. 

gI 

Q' 

n 

lir 
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Mach 

M 

a 

Mass-flow Distor t ion &le Of Central-body-tip pressure 
at tack,  position, r a t i o ,  parmeter ,  recovery, 

(pt , r )peak 

Peak 

5 W/Wm x/c 
(8) 

a 7  

deg 

c: 

2.44 

TABLE I.- INTBNAL-FLOW CHABACTERISTICS OF AN INDUCTION SYSTEM HAVING 

TWO CIRCULAR INTERNAZI-COMPRESSION INLFTS - Continued 

3.1 1.44 0.6464 0.8246 0.0976 

(a) I n l e t s  with fuselage 1 - Concluded 

2.44 3 -2 
2.44 3.2 

1.45 0.6551 0.8594 0.0880 
1.51 .a07 .8376 ,0871 

2 -35 

2.35 
2.35 

3.1 1.48 0 .a@+ 0.8466 0 J327 

3 *1 1.66 .a32 - 7670 *0991 
3 -1 1-57 -6695 - 7885 .1068 

1.80 
1.80 
1.80 
2 .oo 
2.00 
2.00 
2.20 
2.20 
2.20 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

B o ~ d a r y - l a ;  

3.1. 
3 -1 
3 -1 
3 -1 
3 
3 -1 
3 -1 
-3.2 
-3.2 
-3.2 
0 
0 
0 
1.5 
1.5 
1.5 
3 01 
3.1 
3 -1 
6.2 
6.2 
6.2 

? removal system I 

1.74 
1-77 
1-79 
1-57 
1.60 
1.63 
1.15 
1.17 
1.21 
.77 
.81 
-85 
-50 
.55 
.61 
.46 
* 51 
.56 
.48 
.53 
-58 
.79 
.84 - 89 

; canard cont ro l  def lected 1.5' 

0.8860 
.8817 
.a724 
.a580 
.&80 
*a578 - 7570 
.a326 
.a243 
.6732 
.6710 
.6639 
.7396 
.7461 
-7430 
* 7506 
.7652 
,7536 
.7652 
.7575 
.7602 
7290 
.7268 
.7210 

0.0761. 
.0558 
.0614 
.0&7 
-0579 
.0689 
.0908 
-099 
.0912 
.0769 

.0811 

.0740 

-0797 
.07& 
.0715 

a0769 
.0m3 
.0892 
-0782 

.069 

.0n8 

.0693 

Boundary-layer removal system B1; canard cont ro l  def lected 9.5' 

1.80 
1.80 
2 .oo 
2.00 
2.20 
2.20 
2.20 

1.67 

1.45 

1.40 
3.1 1.43 

0.8647 
.8606 
.@45 
.7993 
.7597 - 7592 
.7467 

ah le t  diameters upstream of t h e  i n l e t  plane. 

0.6866 0.0614 
-0555 



TABLE I.- --FLOW CHARACTEXISTICS OF AN INDUCTION SYSTEM HAVING 

TWO ClRCuLAR INTERNAL-COMPRESSION INIETS - Continued 

we Of Centrd-hoay-tip attack, 
a, 
deg 

position, 
Mach 
number, 

M x P  

(a) 

(b) Inlets with fuselage 2 

Mass-flow Distortion Peak 
pressure 
recovery, ratio, parameter, 

(pt r)peak 
r, WI., 

- 
2.50 
2.50 
2.50 
2.50 
2.50 

Boundmy-layer removal system B1; canard control removed I 

0 0.68 0.7510 0.8989 0.0848 
1.5 .62 .7458 .9w .0893 
3.1 -58 .7826 .9065 .0685 

3.1 .63 .7&6 ,9008 .0638 
3.1 .60 -7856 -8923 .0640 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.7 
2.50 
2.50 
2.50 

2 .oo 3.1 1-55 0.8731 0 -7334 0.0626 
2.00 3.1 1.58 .8653 -7289 .06u 
2.20 3.1 1-75 .eo61 .8136 .0512 
2.20 3.1 1.40 .8114 .7815 .0563 
2.50 3.1 .45 * 7909 .9169 .0641 

2.50 3 -1 .55 -7919 .9064 .0516 
2.50 3 -1 .49 -7903 . .91& .0583 

bun--layer removal system B10; canard control removed 

1.72 3 e 1  1.87 0.8899 0.6817 0.1287 
1.91 3 -1 1.72 , a782 .7184 J173 
2.11 3 -1 1.53 .8180 .7807 .1210 
2-35 -3 .I. 1.63 .6593 -7772 -2374 
2-35 0 1.40 .7488 .e42 60987 
2.35 1.6 1-39 .7618 ,8432 . O W  
2.35 3 -1 1-39 -7732 .8227 .0638 
2-35 3.1 1.47 -7404 .&I64 .0696 
2.35 6.2 1.58 *6745 .7653 .1583 - 

-3.2 
-3 e 2  
0 
0 
1.6 
1.6 
1.6 
3-1 
3.1 
3 -1 
6.2 
6.2 

1.50 
1.52 
.64 
.68 
.48 
.50 
1.20 
.49 
* 52 
1.23 - 71 
.75 

0.5936 
-5893 
.5260 
.7598 
~ 9 8 9  
.7961 
.7060 
-7751- 

I .79O6 
-7052 
.6266 
.7m9 

0.7828 
.77a 
,9148 
.8986 
-8945 
.8920 
.8225 
.go81 
.go50 - 8159 
-9073 
.a945 

0.2134 

.3311 

.0852 

-0794 

.2067 

-0775 

a0589 

-0790 
,0966 

.1556 

.0441 

-1355 

Boundary-layer removal system B3; canard control removed I 
2 .oo 
2 .oo 
2.20 
2.20 
2.20 
2.20 

1.58 
1.61 

. 1.18 
1.18 
1.21 
1.23 

0.1252 
.0761 
. O m  
.0501 
.0936 
-079 

I Boundary-layer removal system B5; canard control removed 

B 
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Mach 
number, 

M 

'IIABLE I.- l2lWJW-m C!HAFk%crWISl'ICS OF AN INDUCPION SYSI'EM HAVING 

TWO CIRW ~ c ~ ~ ~ ~ ~ ~ R E s s I o N  INLETS - Continued 

Angle of Peak 
attack, Central-body-tip pressure Mass-flow Distortion 

position, recovery, ratio, parameter, 
5 W/% 

a) (Pt, r) peak 
X P  

a, 
deg 

(b) Inlets  with fuselage 2 - Concluded 

Boundary-layer removal system B1; canard control deflected 5.5' 

1.80 
1.80 
2.00 
2.00 
2 .oo 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

3 -1 
3 -1 
3 -1 
3 -1 
3 *1 
-3.1 
-3.1 
0 
0 
1.5 
1-5 
3 .I 
3 -1 
3.1  
6.2 
6.2 
6.2 
9.4 
9.4 
-3.1 
-3.1 
-3.1 
0 
0 
0 
0 
1-5 
1.5 
1.5 
3 -1 
3 -1 
3 -1 
6.2 
6.2 
9.4 
9.4 
9.4 

I 

1.76 

1.60 
1.63 

1.50 
1.52 
1.29 
1.32 
1.24 
1.27 
1.28 
1.42 
1.45 
1.48 
1.56 
1.60 

.80 

.84 
1.30 
.59 
.63 
.65 
1.35 

.54 

.57 

.61 

.65 
-67 : 70 
.74 
.79 - 91 
.96 
.99 

0.8884 
.a759 
.e412 
.8420 
.E213 - 6573 
.6926 
.7486 
-7470 
.a107 
.8082 
.8@+ 
.a178 
.8180 
.73 87 
.7483 
.7416 
A682 
.6694 
.5820 
.6191 
.5767 
-6579 
.6573 
A637 
.6116 
.a63 

.-I380 
-7391. 
.7367 
-7085 
-7250 
.5349 

-7233 
.71& 

.a09 

.6632 

0.6830 - 6777 
.7368 
.7395 
.7260 
-7342 
-7324 
.7623 
-7467 
.a160 
.8065 
.E123 
.a114 
.7993 
.7888 
.7w 
-7490 
.7232 
.6940 
.E549 
.m9 
.eo41 
8771 
.a710 
.a784 
.7945 
.ea74 

.a944 

.8867 

.e#+ 

.@4595 

.9165 

.9058 
* 8865 - 8751. 
.E758 

.8890 

Bmdary-layer removal system El; canard control deflected 9.1 

-3.1 
-3.1 
-3 .I. 
-3.1 
0 
0 
0 
0 
1.6 
1.6 
1.6 
3.1. 
3.1 
3.1. 
3.1 
6.2 

0.6 - 91 
.95 
1.01 
.a5 
.€% 
* 92 
.96 
71 

.77 

.82 
-71 
.75 
.79 
.83 
.go 

0.5165 
* 5303 
3420 
.5535 
.5636 
.5774 
-5751 . .a51 
5829 
A148 
.a87 
.6&6 
-6675 
6775 
-6693 
.6832 

0.0704 
.0606 
.0845 
.0823 
.0862 
.0596 
-1556 
-1575 
-1527 
.1140 
.1102 
.1062 
*0w9 
-.0960 
.1161 
.1400 
.1452 
.1a7 
~569 
~272 

.1076 

.1071 

.0988 
-2707 

.0984 

.1468 
-1375 
.0796 
.OM-( 
A873 
.0822 
.0767 
-0974 
.0663 

.094 

.0613 
-1723 

0.1951 
5149 
.0962 
.0b12 
5383 
.12% 
-1350 
.1025 
-1593 
.1280 
-1243 
-1097 
.1005 
-0784 

.0$8 
-0793 

11 
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TABU I.- INTERNAL-FLOW CHARA.CTERISTICS OF AN INDUCTION SYSTEM HAVING 

TWO CIRCULAR IXIEFUlAL-COMPRESSION INLETS - Concluded 

(c) Inlets with flat plates; boundary-layer removal system B1 

Mach 
lumber, 

M 

1.80 
1.80 
1.80 
2.00 
2 .oo 
2.20 
2.20 
2.20 

2.50 
2.50 
2.50 
2.50 
2.50 

2.50 

Angle of 
attack, 

a, 
deg 

Zentral-body- tir 
position, 

x/D 
(a) 

1.82 
1.81 
1.84 
1.67 
1.72 
1.45 
1.47 
1.50 

.80 
83 

.84 

.& 
87 
91 

Peak 
pressure 
recovery, 
(Pt, r)peak 

0.8683 
.8894 
8857 
8574 

. a47  
7986 
8303 

.8252 
8137 

. a69  

.8119 
9 7998 
.8143 
.8068 

Mass- f l o w  
ratio, 
w/w, 

0.7130 
06937 
* 6785 
97651. 
.7481 
8779 

.8312 

.8243 
9879 
9913 

9 9913 
1.0079 

.9864 
9891 

Inlet diameters upstream of the inlet plane. a 

Distortion 
parameter, 

f 

0.1307 
.0844 
.0817 
=0855 
-0927 
1075 

.0882 . 0840 

.0645 

.0658 
-0597 
.0742 
.0502 
9 0530 

L 
1 
2 
7 
0 

Li 

a 
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Figure 4.- Annular-area distribution. 



22 

Duct -wall 
rows open 

equal ly  spaced holes per  row i n  duct 
sal1 and c e n t r a l  body; 0.052-inch diameter - - 

cent ra l -  bod: 
rows open 

Bows spaced 0.2 inch  except 
between rows 4 and 15 

a4,5,7 through 23 

b3s5r7r9r 1 1 , 1 3 ~ 5 d 7 8 1 9  
1 through 20 
7 through 20 

6 through 14 
1 through 9 

4 through 10,12,14,15,17,19 20 
1,3,5,7,9,11,13 .I5 through $3 

1 through 9 
None 

Rows spaced 0.2 in. 

All 
All 
A l l  
A l l  
A l l  

. All 
All 
A l l  
A l l  
A l l  

loundary-layer 
'emoval svaBem 

I Duct w a l l  in reg ion  o f  rows 1 through 9 i s  0.06-inch thicker  f o r  
B 10 than  for a l l  other  boundary-layer removal systems. 

Figure 5.- Boundary-layer removal systems. (All dimensions are in inches 
unless otherwise noted. ) 

Y 

b 



a 

(D 

0 

I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  I !  ! ! ! ! ! ! ! ! ! ! ! !  ! ! ! ! ! ! ! ! ! ! !  ! ! ! I  

x 
0 

23 

! 
v3 



x 

E - 
L 

c 
.. 

Q 
e .. 
2 
0, 
> 
0 
0 
(Y 
L 

2 

2 

a 
m 
m 

Q 

E 
i 
2! 
.- 
x 

u) 

(Y 

0) 

c 
c 

E 

n 
E 
0 

E 
0 

0 
u) 

.- r 
ii 
+ 

A 

t 

Angle of attack,  a ,  deg 
~ 

(a) Effect of angle of attack. M = 2.50. " 

Figure 7.- Internal-flow characteristics of the induction system 
for several boundary-layer removal systems. Fuselage 1. b 
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(b) Effect of Mach number. %om = 3 O .  

Figure 7.- Concluded. 
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t 
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0 

Angle o f  at tack,  a ,  deg 

(a) Effect of angle of attack. M = 2.50. 

Figure 8.- Internal-flow characteristics of the induction system 
for several boundary-layer removal systems. Fuselage 2. 
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Mach number, M 

(b) Effect of Mach number. %om = 3 O .  

Figure 8.- Concluded. 
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(a) Effect of angle of attack. M = 2.50. 

Figure 9.- Comparison of induction-system internal-flow characteristics 
for fuselage 1, fuselage 2, and the flat-plate model. Boundary- r 

layer removal system B1. 
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(b) Effect of Mach number. %om = 3O. 

Figure 9.- Concluded. 



Mach number, M 

Figure 10.- Effect of canard and canard-control deflection on the 
induction-system internal-flow characteristics for fuselage 1. 
Boundary-layer removd system m; anorn = 30. 
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Figure 11.- Effect of canard and canard-control deflection on the 
induction-system internal-flow characteristics for fuselage 2. 
Boundary-layer removal system B1; M = 2.50. 
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